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ZONE PASSAGE CONTROL IN WORKSITE

RELATED APPLICATION DATA

This application is a § 371 National Stage Application of
PCT International Application No. PCT/EP2018/061954
filed May 9, 2018.

FIELD

The present invention relates to zone passage control in an
underground worksite.

BACKGROUND

Underground worksites, such as hard rock or soft rock
mines, typically comprise a variety of operation zones
intended to be accessed by different types of mobile work
machines, herein referred to as mobile vehicles. An under-
ground mobile vehicle may be an unmanned, e.g. remotely
controlled from a control room, or a manned mobile vehicle,
i.e. operated by an operator sitting in a cabin of the mobile
vehicle. Mobile vehicles operating in underground work
sites may be autonomously operating, i.e. automated mobile
vehicles, which in their normal operating mode operate
independently without external control but which may be
taken under external control at certain operation areas or
conditions, such as during states of emergencies.

An isolated operation zone is typically reserved in mines
for the operation of the automated mobile vehicles, into
which zone an access by outsiders and outside vehicles is
prevented in order to eliminate any risk of collision. The
operation zone being provided with this kind of limited
access may be separated from other zones in the mine by
gates or other kind of passage control devices. However, in
order to provide an effective operation of the mine, access
may need to be provided also for persons or outside mobile
vehicles into the operation zone being originally reserved
only for the operation of the automated mobile vehicles.

EP3040508 discloses a system for zone passage control
for a zone of an autonomously operating mobile object,
comprising a set of detection units to detect a mobile object
entering and/or exiting the zone, a set of identification units
to identify the mobile object entering and/or exiting the
zone. An admissibility level for a mobile object to enter the
zone is determined and a control signal to stop at least one
autonomously operating mobile object existing in the zone
is provided in response to the determined admissibility level
being negative for the mobile object entered the zone.

SUMMARY

According to a first aspect of the present invention, there
is provided an apparatus, comprising: means for receiving
position information of at least one autonomously operating
mobile vehicle in a fusion zone merged of at least a first zone
and a second zone associated with a first passage control
unit, means for detecting a mobile object by a second
passage control unit associated with the first zone, means for
checking position of the at least one autonomously operating
mobile vehicle in response to detecting the mobile object,
means for preventing, in response to an autonomously
operating mobile vehicle being positioned in the second
zone, a control command to stop the autonomously operat-
ing mobile vehicle in the second zone, and means for
demerging the first zone and the second zone.
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According to a second aspect of the present invention,
there is provided a method for zone passage control in an
underground worksite comprising a plurality of operation
zones for autonomously operating mobile vehicle opera-
tions, the method comprising: receiving position informa-
tion of at least one autonomously operating mobile vehicle
in a fusion zone merged of at least a first zone and a second
zone associated with a first passage control unit, and in
response to detecting a mobile object by a second passage
control unit associated with the first zone, performing:

checking position of the at least one autonomously oper-

ating mobile vehicle,

in response to an autonomously operating mobile vehicle

being positioned in the second zone, preventing a
control command to stop the autonomously operating
mobile vehicle in the second zone, and

demerging the first zone and the second zone.

According to a third aspect, there is provided an apparatus
comprising at least one processing core and at least one
memory including computer program code. The at least one
memory and the computer program code being configured
to, with the at least one processing core, cause the apparatus
at least to carry out the method or an embodiment of the
method.

According to a fourth aspect, there is provided a computer
program product, a computer readable medium, or a non-
transitory computer readable medium comprising program
instructions for causing an apparatus to perform at least the
following: receive position information of at least one
autonomously operating mobile vehicle in a fusion zone
merged of at least a first zone and a second zone associated
with a first passage control unit, and in response to detecting
a mobile object by a second passage control unit associated
with the first zone, perform:

checking position of the at least one autonomously oper-

ating mobile vehicle,

in response to an autonomously operating mobile vehicle

being positioned in the second zone, preventing a
control command to stop the autonomously operating
mobile vehicle in the second zone, and

demerging the first zone and the second zone.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of an underground work site
provided with a system for zone passage control;

FIG. 2 illustrates a zone passage control system;

FIG. 3 illustrates a method according to at least some
embodiments of the present invention;

FIGS. 4a to 44 illustrate examples for operating in fusion
zones and demerging operation zones;

FIG. 5 illustrates an example of zone and passage control
unit configuration data record; and

FIG. 6 illustrate an apparatus capable of supporting at
least some embodiments of the present invention.

EMBODIMENTS

The term underground worksite herein is intended to
include a variety of underground worksites, including for
example different kinds of underground excavation work-
sites, such as mines, roadwork sites, and railroad worksites.
The term mobile object in this specification and claims is
intended to include all mobile objects which may have an
access into an operation zone of a worksite, such as mobile
vehicles and human beings being at work in the worksite.
The term mobile vehicle herein refers generally to mobile
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work machines suitable to be used in the operation of
different kinds of underground mining or construction exca-
vation worksites, such as lorries, caterpillars, dumpers, vans,
mobile rock drilling or milling rigs, mobile reinforcement
machines, and bucket loaders or other kind of mobile work
machines which may be used in different kinds of excavation
worksites. The term autonomously operating mobile vehicle
herein refers to automated or semi-automated mobile
vehicles, which in their autonomous operating mode may
operate independently without requiring continuous user
control but which may be taken under external control
during states of emergencies, for example.

FIG. 1 illustrates an example of an underground work site
1 provided with a system for zone passage control in tunnels
of the work site. The system comprises passage control units
(PCU) 2a, 2b, 2¢, 2d, 2e, 2f separating operation zones 4a,
4b, 4c¢, 4d, 4e, and 4f. For example, PCU 25 is associated
with zones 4a and 45, wherein in the zone 45 there may be
an autonomously operating mobile vehicle 3. Below a
reference sign 4 may be used as a general reference sign for
operation zone(s) 4a, 4b, 4c, 4d, 4e, and 4f unless a
particular operation zone 4a, 4b, 4c, 4d, 4e, and 4fis referred
to. Similarly, PCU may be used as a general reference sign
for passage control unit(s) 2a, 2b, 2¢, 2d, 2e, 2f, unless a
particular passage control unit is referred to.

The passage control system and associated PCUs may be
configured to allow movement of one or more mobile
vehicles between zones 4. For example, the mobile vehicle
3 may be configured to autonomously travel a route in zones
4b, 4¢, and 4d, wherein zone 4d may comprise a dump point
at the end of the tunnel. It is to be appreciated that besides
the entities illustrated in simplified FIG. 1, there may be
further units, sub-systems or elements, such as a specific
passage station as described in EP 1616077.

FIG. 2 illustrates a system 10 for a zone passage control.
The system comprises a number of functional units 21 to 27
and at least one controller 20 being arranged in operational
connection with at least some of the functional units 21 to
27.

The zone passage control system may comprise detection
units 21 which may be considered as functional units in the
system 10 and configured to detect mobile objects to enter
anew zone 4. The detection unit 21 may be comprised by the
PCU and it is able to detect a mobile object, such as a mobile
mining vehicle or a person, entering into the operation zone
4 and/or exiting the operation zone 4.

Detection of a mobile object by a passage control unit,
such as a light curtain, refers generally to detecting that the
mobile object is in close proximity to the PCU. The feature
of'the mobile object being detected by the PCU or associated
detection unit (to enter a new zone) may thus comprise at
least one of the following events: a) the mobile object is
moving close to the PCU and intending to enter into the
zone; b) the mobile object holds still close to the PCU and
is waiting to enter into the zone; c) the mobile object has
actually already passed the PCU and entered into the zone.
The stage of the detection may depend on the applied
technology and/or configuration of the detection unit.

When the detection unit 21 detects a mobile object, the
detection unit may provide a corresponding signal to the
controller 20. The detection unit 21 may be an optoelec-
tronic guard detector, such as a guard detector based on the
use a light curtain or photocells. Alternatively other kind of
devices such as laser scanning devices and safety mats, for
instance, or any other applicable device to detect a presence
of the mobile object. The detection unit 21 may be config-
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ured to detect the direction of motion of the mobile object
and may also provide the direction information to the
controller 20.

The system may further comprise identification units 22.
The identification unit 22 may be comprised by the PCU and
may be configured to identify the mobile object entering or
exiting the zone. The identification of the mobile objects
may include the identification of the type of the mobile
object, in some embodiments if the mobile object is an
automated mobile vehicle, an unmanned remotely control-
lable mobile vehicle or a manned mining vehicle, or a
human being. The identification of the mobile object may
also include the identification of a particular vehicle or
person. When the identification unit 22 has identified the
mobile object, the identification unit 22 provides a signal
comprising associated identification information to the con-
troller 20.

The identification unit 22 may for example be a reader
device or a camera, by which it can be read an identification
element 25 comprised by the mobile object. According to an
embodiment the identification unit 22 may be a RFID
scanner being able to read an RFID tag in the mobile object,
the RFID tag thus providing a kind of an identification
element 25 comprised by a mobile object, such as the
autonomously operating mobile vehicle 3 or a person car-
rying an identification element. The identification unit 22
may also be a device which is able to identify the mobile
object without any counterpart identification element 25 in
the mobile object. The identification unit 22 may for
example be a device that provides a connection with a
control unit of the mining vehicle and receives an identifier
from the mining vehicle via a wireless local area network,
for example. In an alternative embodiment, the identification
unit 22 provides identification information, such as an image
of the mobile object, for the controller 20 (or a further signal
processing unit/system, such as a neural network) perform-
ing the identification of the mobile object. If applicable, the
operations provided by the detection unit 21 and the iden-
tification unit 22 may also be combined in one single unit.

The system 10 for the zone passage control may comprise
indication units 24. The indication unit 24 may be comprised
by the PCU and may be configured to indicate an admissi-
bility level and/or further control information for the mobile
object to enter into an associated operation zone 4 and/or
exit away from the operation zone 4.

For simplicity, only one set of functional units 21, 22, 23,
24 for the PCU is illustrated, but it will be appreciated that
the system will comprise a plurality of further sets 29.
Depending on the embodiment the system 10 for the zone
passage control may comprise only some types of the
functional units disclosed above, such as the detection units
21 and the identification units 22, or the detection units 21
and indication units 24. In addition to the functional units
mentioned above the system 10 for the zone passage control
may comprise further functional units and/or be connected
to further units, systems, and/or networks.

In addition to the functional units disclosed above, the
system 10 for the zone passage control may comprise
transceiver units 23. The transceiver units 23 may be con-
figured to provide a communication link between the func-
tional units disclosed above and the controller 20. Depend-
ing on the intended operation of the functional unit the
communication link may be established as unidirectional or
bidirectional communication link. In the example of FIG. 2
there is a transceiver unit 23 for each PCU and a set
comprising one or more of a detection unit 21, an identifi-
cation unit 22, and an indication unit 24. However, if
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applicable, a transceiver unit 23 may also be provided to
serve communication between the controller 20 and several
detection units 21, several identification units 22 and several
indication units 24. Wireless and/or wired transmission
technique may be applied. In some embodiment wireless
local area networking, such as IEEE 802.11 or 802.16 based
communications is applied.

Any transceiver unit 23 may also be omitted if the
respective functional unit(s), i.e. detection units 21, identi-
fication units 22 and/or indication units 24 comprise an
internal transceiver unit. Furthermore, the central controller
20 may bypass any of the transceiver units 23 and provide
a straight communication link with any detection unit 21,
any identification unit 22 and any indication unit 24 if
applicable.

The system may comprise or be connected to a mobile
vehicle control unit 26. The control unit 26 may be provided
in each autonomously operating mobile vehicle 3 and be
configured to control at least some autonomous operations
of the mobile vehicle. In response to detecting a mobile
object to enter a zone comprising an autonomously operat-
ing mobile vehicle 3, the controller 20 may be configured to
cause or provide a control command to stop the vehicle 3.

The system 10 and the controller 20 may further be
connected to a further system or network 28, such a worksite
management system, a cloud service, an intermediate com-
munications network, such as the internet, etc. The system
10 may further comprise or be connected to a further device
or control unit 27, such as a handheld user unit, a vehicle
unit, a worksite management device/system, a remote con-
trol and/or monitoring device/system, data analytics device/
system, sensor system/device, etc.

The controller 20 may comprise one or more processors
executing computer program code stored in a memory, and
it may comprise or be connected to a user interface with a
display device as well as operator input interface for receiv-
ing operator commands and information to the controller.

The controller 20 may be configured to control a plurality
of operation zones 4, such as zones reserved and configured
for the operation of the autonomously operating mobile
vehicles, by the detection units 21, the identification units 22
and the indication units 24. In an alternative embodiment,
the controller 20 is configured to control only a single
operation zone. The controller 20 may be configured to send
and receive passage control related information to/from
other controllers, or there may be a further master control
unit configured to control the controllers 20.

State parameter information may be stored and updated
for each zone 4. The state parameter(s) of a zone 4 indicate
operational condition or mode of activities allowed in the
zone. In some embodiments, the state parameter may indi-
cate autonomous operation, whereby one or more autono-
mously operating vehicles are allowed to operate in the
zone, with or without monitoring by an operator, and per-
sons (or other mobile objects) cannot enter the zone. In some
embodiments, the state parameter may indicate manual
operation, whereby autonomous operation is not allowed in
the zone and persons and manually operated mobile vehicles
can enter the zone. However, it is to be appreciated that there
may be other states, such as an emergency state. The state
parameter may be changed in response to manual input by
an authorized operator or safety responsible person and/or in
response to an automatically performed state (definition)
procedure checking or detecting one or more state parameter
change conditions. A state parameter of at least one zone
may be updated in response to detecting a mobile object to
pass a passage control unit associated with the at least one
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zone. In some embodiments, positions of mobile objects are
continuously monitored and change of a mobile object from
one zone to another triggers the state procedure.

According to an embodiment, the controller 20 is config-
ured to determine the state of the zone 4 on the basis of
information supplied by at least one of the detection unit(s)
21, the identification unit(s) 22, and an operator input
directly via a user interface to the controller 20 or indirectly
via another unit 27, such as a wireless operator unit. The
system may further store information about at least one of a
number and/or a type of mobile objects existing in the zone
4 and a number and/or a type of mobile objects entering or
exiting the zone.

Further, the controller 20 may be configured to determine,
on the basis of the determined state of the zone, an admis-
sibility level for a mobile object to enter the zone 4. The
controller 20 may also be configured to determine, on the
basis of the determined state of the zone, an admissibility
level for a mobile object to exit the zone. For example, the
controller 20 may be configured to perform at least some
zone passage control features on the basis of admissibility
level as illustrated in EP 3040508.

However, it is to be appreciated that in an alternative
embodiment, at least some of the presently disclosed func-
tions for the controller 20 may, instead of centralized
approach, be arranged as decentralized, in a distributed
system, such as a system based on a blockchain-based or
other type of distributed network. Furthermore, it is to be
appreciated that at least some of the disclosed units/devices
may be Internet of Things (IoT) devices.

There is now provided an improved passage control
system for controlling operations in zones in autonomous
operation state and merged into fusion zones, enabling to
improve autonomous operations efficiency.

FIG. 3 illustrates a method for zone passage control in an
underground worksite. The method may be implemented in
at least one device of a zone passage control system, such as
the controller 20.

Position information is received 30 of at least one autono-
mously operating mobile vehicle in a fusion zone merged of
at least a first zone and a second zone associated with a first
PCU. Association of a PCU 4 with a zone refers generally
to configuring the passage control system to have the
particular PCU 4 to operate as a passage control unit for the
zone. Block 30 may be entered as part of a repeated check
routine of the passage control system and/or in connection
changing configuration of PCUs, for example.

A mobile object is detected 31 by a second PCU associ-
ated with the first zone. In response to detecting the mobile
object, position of autonomously operating mobile
vehicle(s) in the fusion zone is checked 32.

If applicable, in response to detecting an autonomously
operating mobile vehicle being positioned in the second
zone, a control command to stop the autonomously operat-
ing mobile vehicle in the second zone is prevented 33.

If applicable, in response to detecting an autonomously
operating mobile vehicle 3 positioned in the first zone, a
control command is provided 34 to stop the autonomously
operating mobile vehicle 3 in the first zone.

The first zone and the second zone are demerged 35. Thus,
the fusion zone may be removed or amended by the demerg-
ing of the first zone and the second zone.

The prevention of the control command is to be under-
stood broadly to refer to not controlling the at least one
autonomously operating mobile vehicle 3 in the fusion zone
4 to stop (whereas the vehicle would have been controlled to
stop if the first and second zones would not have been
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merged as the fusion zone). The term fusion zone is to be
understood broadly to refer to an operational combination of
two or more zones associated with the same operational
state, such as autonomous operation or manual operation.

In an embodiment a continuous security or ‘lifeline’
signal needs to be transmitted to an autonomously operating
mobile vehicle to allow the vehicle to operate. In such
embodiments, the control command to stop may thus be
provided by active stopping of sending the continuous
signal, and prevention 33 of the control command may refer
to continuing sending the security signal despite of the
detection of the autonomously operating mobile vehicle
being positioned in the second zone.

It will be appreciated that FIG. 3 illustrates general
features related to demerging of the fusion zone and various
additions and amendments may be applied, some of which
are illustrated below. For example, it is to be appreciated that
instead of receiving position information of the autono-
mously operating vehicles 3 before block 31, the position
information may be requested and then received after block
31, such as in block 32. In another example, the zones 4 may
be demerged before preventing the control command. It is to
be also appreciated that block 35 may be entered even if
there were no autonomously operating mobile vehicle 3
detected in the 1* zone and/or the 2"/ zone.

In some embodiments, each zone 4 is assigned a state
parameter. The fusion zone may be dynamically adapted in
response to change in state parameter of one or more of the
zones of the fusion zone and their neighboring zones, e.g. on
the basis of locations and/or types of mobile objects in one
or more of these zones. In some embodiments, the first zone
and the second zone have been merged into the fusion zone
in response to the first zone and the second zone being
assigned a state parameter indicating autonomous operation.
The merge may have been carried out upon installing PCUs
or changing configuration of PCUs, for example.

The state parameter of the first zone may be updated in
block 35 or as an additional block after block 35 into a
second state parameter value indicating manual operation in
response to the demerging 35.

In some embodiments, the first PCU in the fusion zone is
inactive and does not detect passing mobile vehicles when in
the fusion zone, and may be even switched off. Thus, in
connection with block 35, the first PCU is activated, such
that it will detect mobile objects and provide a detection
signal.

In response to detecting a mobile object by the first PCU
after the demerging, a control command is provided to stop
the at least one autonomously operating mobile vehicle 3
positioned in the second zone.

The fusion zone further may comprise a third zone
associated with a third PCU, which is also associated with
the second zone. Thus, merging of the second zone and the
third zone is maintained after the demerging 35 of the first
zone and the second zone and passage control operation
regarding the third PCU is not adapted. Hence, the fusion
zone can be optimally maintained as large as possible,
enabling minimal interruptions to the autonomous opera-
tions.

A state change of the second zone may be detected after
the demerging 35 of the first zone and the second zone. In
response to both the first zone and the second zone being set
in autonomous operation state, they may be remerged into
the fusion zone (from which they were earlier demerged) or
a new fusion zone.

The remerge may be performed in response to the state
parameter information of the first zone and the second zone
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indicating autonomous operation state. The state of the first
zone may be set in the autonomous operation state in
response to detecting that there are no persons in the zone.
This may carried out in response to input of an authorized
person and/or based on checking presence of persons in the
zones e.g. based on RFID or other types of detectors carried
by persons.

When the first zone is remerged with the second zone, the
zone passage control system is adapted to allow an operating
mobile vehicle to pass the first PCU in the fusion zone
without interrupting operation of another autonomously
operating mobile vehicle in the first zone and/or the second
zone. A control command to stop at least one autonomously
operating mobile vehicle 3 in the first zone and/or the second
zone may be prevented in response to an autonomously
operating mobile vehicle being detected by the first PCU
associated with the first zone remerged with the second
zone. In another embodiment, the first PCU is thus deacti-
vated.

FIGS. 4a to 4d illustrate examples of merging operation
zones and operating in fusion zones. In FIG. 4a, autono-
mously operating mobile vehicles 3a and 35 are in their
respective zones 4b and 4c¢. The zones 46 and 4¢ have been
set in autonomous operation state and merged to form a
fusion zone 40.

FIG. 4b illustrates a situation where the vehicle 35 has
passed the PCU 2c¢. Since the PCU 2¢ is associated with
zones 4b, 4¢ belonging to or used as basis of the fusion zone
40, and is thus a part of or included in the fusion zone 40,
control command to stop the other vehicle 3a is not provided
due to detection of the vehicle 35 by the PCU 2¢. Hence,
autonomous operations may continue in the fusion zone
uninterrupted. It will be appreciated that the autonomously
operating mobile vehicles 3a and 356 may be provided with
collision avoidance systems. Alternatively, the system 10,
such as the controller 20, or further traffic control system,
may be configured with collision avoidance functionality
controlling the vehicles based on received position informa-
tion of the vehicles 3a, 35.

FIG. 4c¢ illustrates a further example situation in which a
mobile object 5 approaches or has already entered the fusion
zone 40 and is detected by the PCU 2d. Hence, in response
to the detection by the PCU 2d, a control command is
provided at least to the vehicle 35 in the zone associated with
the PCU 2d. However, since the other vehicle 3a is detected
to be positioned in the neighbouring zone 45, the control
command is prevented 33 and the operation of the vehicle 3a
may continue uninterrupted.

FIG. 4d illustrates an example situation after the zones 45
and 4c¢ are demerged 35 in response to the mobile object
entering the zone 4c.

In some embodiments, at least one PCU identifier is
stored for each zone in a passage control configuration data
(record) in connection with configuration of the passage
control units. Thus, the first PCU may be associated 30 with
the first and second zones on the basis of or by assigning an
identifier of the first PCU for the first zone and the second
zone.

Reference is made to FIG. 5 illustrating a simplified
example of zone and PCU configuration data record. Each
zone 4a to 4f'is assigned state parameter information and at
least one PCU 2a to 2f. In this example, M refers to manual
operation state and A to autonomous operation state. It will
be appreciated that the information may be stored in various
other ways, for example specific PCU identifiers are stored
for each zone or specific zone identifiers are stored for each
PCU.
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The passage control system, such as the controller 20,
may be configured to carry out a routine comparing PCU
identifiers assigned to at least some of the zones 4. In
response to detecting that the same PCU identifier is
assigned two zones, the state parameters of the zones may be
compared for determining if the zones are to be merged. The
PCU identifiers and/or the zone state parameters may be
detected and compared in response to detecting the mobile
object, in response to detecting a change of a state of a zone,
and/or in response to another trigger, such as periodically
caused check or an operator input. For example, since the
zone 4a is assigned with the same PCU identifier as the zone
4b, and they are both set on autonomous operations state,
they may be merged. Although zones 4¢ and 44 are associ-
ated with the same PCU 24, they are not merged since the
zone 4d is set in the manual operation state.

In some embodiments, a classification parameter may be
assigned for at least some of the PCUs 2 to classify state
and/or operational position of the respective PCUs. In some
embodiments, the classification parameter defines each PCU
as a border PCU or as an intermediate PCU, in the example
of FIGS. 5B and [, respectively. The classification border
PCU indicates that the associated PCU is currently an end
point or a border of the fusion zone in the dynamically
adaptable zone system. The classification intermediate PCU
indicates that the associated PCU is currently an inner PCU
and inside of the fusion zone in the dynamically adaptable
zone system.

The classification parameter of a PCU 4 may be checked
in response to detecting a mobile object by the PCU. The
need to provide a control command, such as the stop
command, to at least one autonomously operating mobile
vehicle 3 in a zone associated with the PCU may be
determined or affected by the classification parameter of the
PCU.

Thus, also with reference to FIG. 3, the first PCU asso-
ciated with the fusion zone may be classified as an inter-
mediate PCU and the second PCU may be classified as a
border PCU. For example, the classification parameter of the
second PCU may be checked in connection with block 31.
Since the state of the second PCU is border PCU, the control
command is provided to any autonomously operating
mobile vehicle 3 in the first zone associated with the second
PCU. However, the control command to the autonomously
operating mobile vehicle in the second zone is prevented 33.

Furthermore, if the first PCU would detect a mobile object
(before the demerge 35), the control command to the autono-
mously operating mobile vehicle 3 in the second zone would
also be prevented since the classification parameter of the
first PCU is an intermediate unit.

In some embodiments, the fusion zone may be defined by
appropriately setting the classification parameters of the
respective PCUs. In an alternative embodiment, a specific
fusion zone indication may be stored in the system in the
respective zone’s state parameter information. However, it is
to be appreciated that there are also further available options
for arranging and storing the indication of the fusion zone in
the passage control system.

The classification parameter of the first PCU may be
updated as border PCU in response to the demerging 35. For
example, FIG. 5 illustrates the situation of FIG. 44 in which
the zones 4b and 4c¢ have been demerged. Thus, state of the
zone 4c has been amended from autonomous to manual state
and the classification of the PCU 2¢ from intermediate to
border PCU. In the example of FIG. 5, zones 4a and 4b
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continue to be in autonomous state and classification of the
PCU 25 has been set to intermediate I after they have been
merged.

It will be appreciated that the above examples represent
only some simplified scenarios and that the present features
facilitate dynamic adaptation of the passage control system
to changing zone conditions. Various advantages are avail-
able on the basis of the presently disclosed features. A
dynamically adaptable passage control system is enabled for
underground work sites, enabling to avoid manually setting
each PCU locally and minimizing interruptions for work
machines in autonomous operating state. The size of the
automation area may be automatically changed without
interrupting operation of autonomously operating mobile
vehicles in remaining zones of the automation area.

In some embodiments, position information of autono-
mously operating mobile vehicles in the worksite is
received. The state parameter information of the zones may
be automatically updated on the basis of the position infor-
mation. For example, a state parameter of at least one zone
is updated in response to detecting a mobile object to pass
a passage control unit associated with the zone.

In some embodiments, at least some of the operational
elements 21-27 are connected to a common network. For
example, the PCUs 2 and the autonomously operating
vehicles 3 are configured to connect a common network. The
communication configuration of the elements may be thus
set so as to allow connectivity after zone changes, e.g. the
change of a PCU 2 to another location or merging of zones,
etc., without having to reconfigure connection settings.

An electronic device comprising electronic circuitries
may be an apparatus for realizing at least some embodiments
of the present invention, such as the main operations illus-
trated in connection with FIG. 3. The apparatus may be
comprised in at least one computing device connected to or
integrated into a passage control system which may be part
of a worksite control or automation system.

FIG. 6 illustrates an example apparatus capable of sup-
porting at least some embodiments of the present invention.
Tlustrated is a device 60, which may comprise or implement
the controller 20 illustrated above. The device may be
configured to carry out at least some of the embodiments
relating to the passage control system with dynamically
adaptable zones.

Comprised in the device 60 is a processor 61, which may
comprise, for example, a single- or multi-core processor.
The processor 61 may comprise more than one processor.
The processor may comprise at least one application-specific
integrated circuit, ASIC. The processor may comprise at
least one field-programmable gate array, FPGA. The pro-
cessor may be configured, at least in part by computer
instructions, to perform actions.

The device 60 may comprise memory 62. The memory
may comprise random-access memory and/or permanent
memory. The memory may be at least in part accessible to
the processor 61. The memory may be at least in part
comprised in the processor 61. The memory may be at least
in part external to the device 60 but accessible to the device.
The memory 62 may be means for storing information, such
as parameters 64 affecting operations of the device. The
parameter information in particular may comprise zone state
parameter information, PCU related configuration informa-
tion and/or other passage control related information as
appropriate for the passage control system and the desig-
nated role of the device in the system.

The memory 62 may comprise computer program code 63
including computer instructions that the processor 61 is
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configured to execute. When computer instructions config-
ured to cause the processor to perform certain actions are
stored in the memory, and the device in overall is configured
to run under the direction of the processor using computer
instructions from the memory, the processor and/or its at
least one processing core may be considered to be config-
ured to perform said certain actions. The processor may,
together with the memory and computer program code, form
means for performing at least some of the above-illustrated
method steps in the device.

The device 60 may comprise a communications unit 65
comprising a transmitter and/or a receiver. The transmitter
and the receiver may be configured to transmit and receive,
respectively, information in accordance with at least one
cellular or non-cellular standard. The transmitter and/or
receiver may be configured to operate in accordance with
global system for mobile communication, GSM, wideband
code division multiple access, WCDMA, long term evolu-
tion, LTE, 3GPP new radio access technology (N-RAT),
wireless local area network, WLAN, Ethernet and/or world-
wide interoperability for microwave access, WiIMAX, stan-
dards, for example. The device 60 may comprise a near-field
communication, NFC, transceiver. The NFC transceiver
may support at least one NFC technology, such as NFC,
Bluetooth, or similar technologies.

The device 60 may comprise or be connected to a UL The
Ul may comprise at least one of a display 66, a speaker, an
input device 67 such as a keyboard, a joystick, a touch-
screen, and/or a microphone. A user may operate the device
and the rock processing machine via the Ul, for example to
change operation mode, change display views, modify
parameters 64 in response to user authentication and
adequate rights associated with the user, etc.

The device 60 may further comprise and/or be connected
to further units, devices and systems, such as one or more
sensors 68 sensing environment of the device 60. In par-
ticular, the device 60 and the processor 61 may be connected
to operational and/or physical entities illustrated above e.g.
in connection with FIG. 2.

The processor 61, the memory 62, the communications
unit 65 and the Ul may be interconnected by electrical leads
internal to the device 60 in a multitude of different ways. For
example, each of the aforementioned devices may be sepa-
rately connected to a master bus internal to the device, to
allow for the devices to exchange information. However, as
the skilled person will appreciate, this is only one example
and depending on the embodiment various ways of inter-
connecting at least two of the aforementioned devices may
be selected without departing from the scope of the present
invention.

It is to be understood that the embodiments of the inven-
tion disclosed are not limited to the particular structures,
process steps, or materials disclosed herein, but are extended
to equivalents thereof as would be recognized by those
ordinarily skilled in the relevant arts. It should also be
understood that terminology employed herein is used for the
purpose of describing particular embodiments only and is
not intended to be limiting.

Reference throughout this specification to one embodi-
ment or an embodiment means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment of the
present invention. Thus, appearances of the phrases “in one
embodiment” or “in an embodiment” in various places
throughout this specification are not necessarily all referring
to the same embodiment. Where reference is made to a
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numerical value using a term such as, for example, about or
substantially, the exact numerical value is also disclosed.

As used herein, a plurality of items, structural elements,
compositional elements, and/or materials may be presented
in a common list for convenience. However, these lists
should be construed as though each member of the list is
individually identified as a separate and unique member.
Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list
solely based on their presentation in a common group
without indications to the contrary. In addition, various
embodiments and example of the present invention may be
referred to herein along with alternatives for the various
components thereof. It is understood that such embodiments,
examples, and alternatives are not to be construed as de facto
equivalents of one another, but are to be considered as
separate and autonomous representations of the present
invention.

Furthermore, the described features, structures, or char-
acteristics may be combined in any suitable manner in one
or more embodiments. In the preceding description, numer-
ous specific details are provided, such as examples of
lengths, widths, shapes, etc., to provide a thorough under-
standing of embodiments of the invention. One skilled in the
relevant art will recognize, however, that the invention can
be practiced without one or more of the specific details, or
with other methods, components, materials, etc. In other
instances, well-known structures, materials, or operations
are not shown or described in detail to avoid obscuring
aspects of the invention.

While the forgoing examples are illustrative of the prin-
ciples of the present invention in one or more particular
applications, it will be apparent to those of ordinary skill in
the art that numerous modifications in form, usage and
details of implementation can be made without the exercise
of inventive faculty, and without departing from the prin-
ciples and concepts of the invention. Accordingly, it is not
intended that the invention be limited, except as by the
claims set forth below.

The verbs “to comprise” and “to include” are used in this
document as open limitations that neither exclude nor
require the existence of also un-recited features. The features
recited in depending claims are mutually freely combinable
unless otherwise explicitly stated. Furthermore, it is to be
understood that the use of “a” or “an”, that is, a singular
form, throughout this document does not exclude a plurality.

INDUSTRIAL APPLICABILITY

At least some embodiments of the present invention find
industrial application at least in underground mining.

ACRONYMS LIST

ASIC Application-specific integrated circuit
FPGA Field-programmable gate array

GSM Global system for mobile communication
IoT Internet of things

LTE Long term evolution

NFC Near-field communication

N-RAT 3GPP new radio access technology

UI User interface

WCDMA Wideband code division multiple access
WiMAX Worldwide interoperability for microwave access
WLAN Wireless local area network
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The invention claimed is:

1. A method for zone passage control in an underground
worksite having a plurality of operation zones for autono-
mously operating mobile vehicle operations, the method
comprising:

receiving position information of at least one autono-

mously operating mobile vehicle in a fusion zone
merged of at least a first zone and a second zone, the
first zone and the second zone being separated by a first

passage control unit, the first passage control unit being 10

associated with both the first zone and the second zone,
the first passage control unit being inactive; and

in response to detecting a mobile object by a second

passage control unit associated with the first zone,
performing:

checking position of the at least one autonomously oper-

ating mobile vehicle;

in response to the at least one autonomously operating

mobile vehicle being positioned in the second zone,

preventing a control command to stop the autono-

mously operating mobile vehicle in the second zone;
demerging the first zone and the second zone; and
activating the first passage control unit.

2. The method of claim 1, wherein each zone is assigned
a state parameter, and the first zone and the second zone
merged into the fusion zone each have assigned a first state
parameter value indicating autonomous operation.

3. The method of claim 2, further comprising updating the
state parameter of the first zone to a second state parameter
value indicating manual operation in response to the
demerging.

4. The method of claim 1, further comprising in response
to the at least one autonomously operating mobile vehicle
being positioned in the first zone causing a control command
to stop the at least one autonomously operating mobile
vehicle in the first zone.

5. The method of claim 1, further comprising in response
to detecting a mobile object by the first passage control unit
after the demerging, causing a control command to stop the
at least one autonomously operating mobile vehicle posi-
tioned in the second zone.

6. The method of claim 1, wherein the first passage
control unit associated with both the first zone and the
second zone is classified as an intermediate passage control
unit, wherein the second passage control unit associated
with the first zone is classified as a border passage control
unit, and further comprising updating the classification of
the first passage control unit as a border passage control unit
in response to the demerging.

7. The method of claim 1, wherein the fusion zone further
comprises a third zone separated from the second zone by a
third passage control unit, the third passage control unit
being associated with both the second zone and the third
zone, the method further comprising maintaining a merging
of'the second zone and the third zone after the demerging of
the first zone and the second zone.

8. The method of claim 1, further comprising:

detecting a state change of the second zone after the

demerging of the first zone and the second zone;
remerging the first zone and the second zone into the
fusion zone or a new fusion zone in response to state
parameter information of the first zone and the second
zone indicating autonomous operation; and
preventing a control command to stop the at least one
autonomously operating mobile vehicle in the first zone
and/or the second zone in response to the at least one
autonomously operating mobile vehicle being detected
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by the first passage control unit associated with the first
zone remerged with the second zone.

9. An apparatus for zone passage control in an under-
ground worksite including a plurality of operation zones for
autonomously operating mobile vehicle operations, the
apparatus comprising a processor and memory, the memory
comprising instructions which, when executed by the pro-
cessor, configure the apparatus to:

receive position information of at least one autonomously

operating mobile vehicle in a fusion zone merged of at
least a first zone and a second zone, the first zone and
the second zone being separated by a first passage
control unit, the first passage control unit being asso-
ciated with both the first zone and the second zone, the
first passage control unit being inactive; and

in response to receiving a signal about a detection of a

mobile object by a second passage control unit asso-

ciated with the first zone:

check a position of the at least one autonomously
operating mobile vehicle;

in response to the at least one autonomously operating
mobile vehicle being positioned in the second zone,
prevent a control command to stop the at least one
autonomously operating mobile vehicle in the sec-
ond zone;

demerge the first zone and the second zone; and

activate the first passage control unit.

10. The apparatus of claim 9, wherein each zone is
assigned a state parameter, and the first zone and the second
zone merged into the fusion zone each have assigned a first
state parameter value indicating autonomous operation.

11. The apparatus of claim 10, wherein the memory
comprises instructions which, when executed by the proces-
sor, further configure the apparatus to update the state
parameter of the first zone to a second state parameter value
indicating manual operation in response to the demerging.

12. The apparatus of claim 9, wherein the memory com-
prises instructions which, when executed by the processor,
further configure the apparatus to, in response to the at least
one autonomously operating mobile vehicle being posi-
tioned in the first zone, cause a control command to stop the
at least one autonomously operating mobile vehicle in the
first zone.

13. The apparatus of claim 9, wherein the memory com-
prises instructions which, when executed by the processor,
further configure the apparatus to, in response to receiving
a signal about a detection of a mobile object by the first
passage control unit after the demerging, cause a control
command to stop the at least one autonomously operating
mobile vehicle positioned in the second zone.

14. The apparatus of claim 9, wherein the first passage
control unit associated both the first zone and the second
zone is classified as an intermediate passage control unit,
wherein the second passage control unit associated with the
first zone is classified as a border passage control unit, and
wherein the memory comprises instructions which, when
executed by the processor, further configure the apparatus to
update the classification of the first passage control unit as
border passage control unit in response to the demerging.

15. The apparatus of claim 9, wherein the fusion zone
further comprises a third zone separated from the second
zone by a third passage control unit, the third passage
control unit being associated with both the second zone and
the third zone, and wherein the memory comprises instruc-
tions which, when executed by the processor, further con-
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figure the apparatus to maintain a merging of the second
zone and the third zone after the demerging of the first zone
and the second zone.

16. The apparatus of claim 9, wherein the memory com-
prises instructions which, when executed by the processor,
further configure the apparatus to:

detect a state change of the second zone after the demerg-

ing of the first zone and the second zone;

remerge the first zone and the second zone into the fusion

zone or a new fusion zone in response to state param-
eter information of the first zone and the second zone
indicating autonomous operation; and

prevent a control command to stop the at least one

autonomously operating mobile vehicle in the first zone
and/or the second zone in response to the at least one
autonomously operating mobile vehicle being detected
by the first passage control unit associated with the first
zone remerged with the second zone.
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